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te th« pmhim In stMptiwB 
emtm% « f m of th^m btm mtt^  
in tmtnnX prmtUit nili* Bmmmp$ th» mHm» 
aifrtttei tlai^ I«© for « iMHtlU'-iJAi^  
|if«»t»X« in memt emw^ s tlwr <iult« 
of a sfspX^ linmp lioii»r«Py thi« 
rnmfii^ tfttitiy tilt fet l i l 
ifOfldiit mmitimst Th*f s/^ h&r mitlih^ ^ tmAt 
mwi iw tn* fitia tfoMiq^*, 
Tiifft fnifOr tDK^ileiKt^ 
off cmSbinim tm tmhai^wM to noliiiw* 
tlio 4«»iv«d VAiulti In « my^ A 
psnltXm of oontfol, of Aofo^ FHWiSo vnilitio 
hmn tiMfi •MintA t)^ tt fmw hmn fmnik 
that if A imiAfOr ^tb tm 
Aiffonat Is ia tho foviMyrt 
looD nlofififith ft iwiiiir 4o«ipt«i 
M imor m 
mvUmf mtm^imn mstd Hoi^ vitSf 
t%f$ Of tti^  ir«ihiol9 «ii)ift«ii mt 
iatisfiufttovsr fot aU wofldiitt nmth td 
th« f«lti of th9 iMf)Clifl9r fvm mm statft td 
« 9inpl# is tmAisAt^  
It fStmn ta this tn|ii«mflli 
ciAopttfdiy ttift dMipi iitoeedtixti 1m«iMHi 
m Will us of 
u 
The h^f of ^ t L^^ fiiOg htm t)e«fi mtv&Am 
la tli« tUM of eontroX for liit ilMmcMMHMX 
grcmfils of Siit«i'*st la of <ir 
imfcf^ la ^i&h An4 mmtimmX «t*f£Mfi««ni; 
of til* s to hm i» mttd for 
•sitomitSo a ^ oontSmiliit of tho oontroX 
9fBtmm AA^v^lm ^ t r e ^ hat bom l^onod «• tiio Inatfunoiitft* 
ticjfi iNialltotloii of o p»Sao of tho hiMMfi 
tiolng In a omti^X toikt Jtiat tho oiosolo oxMipaio 
of fooa liaeic oo»tfol the htwiiii IHIIIIC oxtondltif tilo tuM 
to piak ttp ft pofiolJt froii tlM tablo* tti* mtt&mtH oiitttD^ 
of oAftptivo ocaitf^ to tho tmum bolm itoortug «n 
mtmnibUm* fkm oantlminUr la j^ts mMl wiotlontl 
•igii«3.o on tlio ftoortng ^mX la oraor to Kfttatola 
of ttt« Tota aa^ ooi* **t !<••§ tlio 4»imt otmtlfUBUilljr 
Mifttavlai th« 4mMilo» of tlio yroooai to l»e o^atfo3Llo4 
la ordov that ho air bo ppopom to of foot aoaf^tlatiii 
Offintvol. ilioa laiMt olgaojU orloo (vhaa tho ofo aotoots 
a eosiro la th« roa4» for oxiaplof or ^ m thm drlvnr l« 
iiidAoi^ lar oaliod Vkptm to antm tho ear to avoid aa ob|oot 
on tho road«iN9^« 
fh« M viaMi^aa intwmt In 
a^asstiw emiipai hmis ss^ s^m esOT l^ oeaiaift ef ^ 
p^tcntiniiti^f ^f ftSftftifn ayst^vi but 
iftoapt mm mm m « of tim 
\%nti tlie 1lat« i9iS0g« mrim tl&o 
t^ W staisi^ &ra asi^  design t«olmlqa«9 for 
bifflf »y»%m» am^Mt^A Ja 
Dl0t« m f wli^iir mm^m to 
emtmXrnwyMtm dnnl^t tli« iitefntort 
eofit«As of tlt« tmstSem 
aM mmlr9i» ^t a^XJUntfir hmk 
Thos t ^^ UAs^td # p^lsit in 
mnt of 
Th» rmt h«xf tit m mimsim w^ 
h^ATmimwiMm W of the focilmi&ia imsitloti 
gftSaod anrlng tho t tlcilvoi^ iitr oouiftes In i^toMitt* 
emtrol boom nmrous popca^r, toje&s Iqr 
M m ^ wid t:h« Qoiintiils imini mtrfiotod with spaoiflo 
Apimiofttliiiit of tbf iMkoSo ftfuoytioftl ^ atlio^s* Asildat 
AtxiEidftnt f^ nofSEtng of oX<s Idiiiit Wi9MimaX tmm* 
of imtlmiiiifii muftetd %tm mi^uU in swepioMUito tystM 
on Optlsw oit»off imd bmp^ng sj3t««si but the of fort 
In mitm thisc two ftmnt viiii to o eontidmbio 03d«at th« 
oontJnoatloa of norlt of 
fhui In 1966 tho ecmtrol f iolU wit oluMrft«torU«d 
n imrXr stilt io to«itiioiogr* Fortmwtoijrf tm dovtiop* 
uttrttt ms^timt'^ the |»totimi ftt tlmtf 
Xm CoKpiititr tvohnolttgf point uliifilt it 
f^ttlbXt to eoliilder lae3liisS«i of ttiiciawilJly 
inftlogii« digits <!Qiipitt«r9 m mt^^tim 
of tlk« DieitflO. oonpitm* Otgtt 
hmsm ttan&itibXt of th« $mpt&9mmsA 
of toSH « stato doirlitii tho of wmOler 
»toi*ag* mitif tho oiKitlnuS&i ^mjntmtim 
ttmof so thut not oaSr tho osoiiiator f«a»il>Xo f r a 
ponoiMbralii mA sliso ttid!^ points f Imt It tXto mi e&pi^io 
of mrteming Uio eontfol tmpaXuktimB irStli fvdstmiibio 
TMLUSIIXLTT IMA SA TL»O INTERMAS THAN 
th« sfttan ( so tli»« lailtiiiiloxizie \mB 
vttlittto ec»»Mi^ ttoiit foduotlon la eomptito? 
oo»t Mid tiio poif octroi ctiattRoi >• 
S« contfol onfSaoort noro f^ Mstd ifitb i^blont la tiliioh 
th* otikadArA • ocitfol t«ohiitqt«i» imro inroirtiii voofsiUy 
lb spit* of Vne nsofoutb aeiotmt of mtk m 
th« vroptrtlof of tho slnglo^loop sfitina ftlM»tt mthint 
WIS tmonn sbeiut hov to iotlfii ths ooAtrol systMi In tlio 
pfsssnio of Mir ocMi of tlw foUoving oiiciditioas Coit«d 
••voir oxawtplos of tho bro«d oloss of lAtrootiia»i« 
vmhlm*) • 
ft* tho pfooois d^mssios oidilliits^ tiio or nolo 
vsyr liilttlr taiNNi fOMoiuiiiotf I i^tii tho nstutoX 
inmlm^ wmmm§ lnns^ii 
(vitu j^ imt crmtroUliig A output}* 
4* Thi antlm »f»tm m^ Aiiptpt tov « 
mmlX tmlbw &S pKt*mmt&rs liiiisli couldi b« eeloot*^ vltb 
In 
Conffcmt i^ with diffimiit ptobl^t ^n 
QcmtToX «Ag«rljf to th« »fiaif<* ei^piittr 
but lnittaUy »ttm vith Xittl* suae^as tina* the 
eron^mtimiftl 49«icti dIA ncft Inllcattt tiov th« 
aM«d fl«iiell)iXity of tli@ oc»»!mt«]* isduld •ff8«tiv«lr 
iit£IS.s«d to m l v tho et^ i^ XeiE the early 
epplieatSons of oaetpaters oft«£i im^Vdd little more thim 
% Qonputer reel lection Cor epfn^^iitiaii) of th^ olestl^ 
etkX leed or lei ocmpommtias netiiovk« In this etwdronnezit 
of deppetslngly oospSlox pn)3»l«ai8 eovipled with inftdeq[UAtelr 
expQloited ooRpeiuifttio!! i^uxlbilltsry nm bom the aubjeet 
of adeptivo oontPoX* Imthe doveXopuient of adapt tyetwet 
the control englaeer re^msidered the fondasental obleetiire 
of feed haoK onntrol^ ippwiacmoa the deeiga prohleai twm 
the fiev point of ntjaieSnf; oaeiiRitere to p«rfoi» the vie* 
ooKl^tmttaf tci ft»sut« r9«xitattoi» nf 
•Fstoii ^mtGrnfcnm In t#fii§ th« imiimm^M 
8 
M n^ ffl^ TOli 
fhm ttm *«Aftptftt£<m* lias tmm borroiitd ftm 
1il0l<»fi«til f M ^ t SR t»ldl.i»|3r ftSfti^ation « v^ tmt -
mmt a« th« an 
(it«s §6% Moalfitd t0 suit: thm ^ oaaitioiit of 
iv»t7 la ft laimivvt 
tlofif In All {i(i9«tt llftt in a itftt# of 
<i«iiti!ioou« i»f lnt«niiil. and •xtuniAl mlrnm 
S<»« ftAaptAtiQiif ft]^ «fi>«sh In •aioh 
g«iM3*ator» othm ar* t3»iyeii{aitt«d W 
beonf pmliiililrt f tod OAtuifftl ••IvQtlc^* 
ttmtfoi wiglsit*!' has ftooa with ^ 
pi*et»JL«K of proeA9S«» nMtr tli« 
of monftikin ehan fJa t h« proetss / fAaat to tm 
oc3eitroU»di« Of^ emmM^ the t M book Ml^vtt 
this pmhtm to sob* tsetrnti andi in fast th« oflbl9' fuii» 
4«i«»tiil for utiiii haek In oontroi «r«t«iii 
is to G<>unt«v tueli iraviatioim In the imant j^imstm* 
Hontvtrt «ih«d thft iMimiotsr vaipiationi boo(»e trtrr 
larioi ftn ontlrsly atw eondoi^ t hat to ha iiit?o<liioad» 
fuoialjt tha aanoapt of adaptiim eontroX* Kvas slnea 
tha aMrgaiMia nf adaptiY* oonoapt Ixi tha fiftiaa t 
wiooa attanpta at Aafinine a^a^tiiritjr hava haan mda* 
Baeh dafiaitioA aat forth la the past naa «lif»osati to 
suit tha naaAs of tha lavastiiaton Ifuoh of tha 
nass suri*oaii<liai tha notion of adiaptlvitr Is mttvUSimm 
t9i»lm to tha la«k of oXaar diffarantiation hatnaaa 
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t)}ii m^ n^ttmX iB«iilf«»t«tta of tiehavtottr on ^ 
^ handy miS Iiit«7iui]l ««e}iafii$m ihleti it it 
m tl)o dthftft f^ mmm ^th nmmf m slngli 
uwmlm dtflfiitSm luiim pfoiw^ to » vmify 
Mixkm it U mvf dUtixmltm ptx^upt 
fSna • utr «luiFii<!t«ri0liig In t«fiit ^ t 
Gf If itAtptiir* hrnvfimat eaa 
^ fhtts ariQvs if th« aaohaniaK 
of iiift^iiritr is ••pimted trm its oxtoraaX aaiiif«tt«9 
tionsy m ohamstDristiis of ndaiitivo systems oatt bo 
fhi» s»oint of vioif ««esf to hm m^ gftinSiig 
voar irith tho vorisors ia this tM^f oomparod vith th« 
•ATlior SKipiil.«r defSiiitim bjr fraxtil thati » on tdap* 
tivo srsttM i« anr vliiraioiil ^ t tm i^ieh hus boon 
dosifnod with m mdftptivo triow point 8«fos*« otftting 
this iofi&itifja giiroa tigr £ftdi)»| it will lio nMwstftrf 
to ojcplAiii* toM towfaoXofr* 
Iiot us oonaidor m lAaptiiro tjrstoM » vhioh 
will hiivo «oe«is to varinai inpatt «• thonii in rig*2*l» 
Thoto input* « f « vofovoaoo inpats^ loiown to tho pro* 
eotsf di«tat%uutott «nd fioftturabxo oatpiitit fh« inpttti 
J (•) dofinod for o^t ^ , fro« a oot dtfinod for 
•ono to., ^^ t i^C^I 
For another S) tho timm funotioi* bo »tBli«rs fro« 
anothor fanilr « ott^ Tho parfomanoa of it aoswad 
to Btasurad tjgr a parfortianoa oritarian l>f tihioli lAian 
S i« th* Input to th« ptwtoTmmBm ovi%9r$m U 
VI* aoflnft m W th« V9lmUm 
H'fy Uf if ptffoiicaiiQc eriterim 
aoa In the 9«t 
^ t« « nsBbfti* of I . 
, ^ iMima. tm liiitim* 
\ i « eolmtn mtEoi" 
II then tho sj^ stiffi is ftivid a&tims 
to tli« foUcnrliiK I 
^ a^tflHi « is A^aptiirt iritii miMiet to 
asKl W if it iatitfi«i the «rit«rittii of fteo«f«tbi3.itr 
Ci* {|)| witti lit %}rm fwHjT 
» H o i ^ OosiNiOtlsry i » f i a a p t i w v i t l i 
fhit d»flssitl«m on tbo ••9«ntiAl pv^ 
» i t « thtkt «ijL bftok are ana thftt 
the wal ({a«stlc8i is itmt th«y fta&iitiftt to to 
liimt •xtiflit* Tlipi l»r ulittmetliig ppladip!.* fMtimi* 
of th« oxtonua mmifcftiitioa of ftdftiptiir« and 
floMhlof thM iR mitti«tti%tieftl t«ftt*| twA^ but iiroiriM 
Ik fairlT and ytt n«xibl« 4«fiaitiofi of 
litr. 
Zt wMXd thus tm dbiritmM thtt in «nr wiAptiv* 
oontpol thoro Mutt li* « eontlnuottt ««iifur«iioat 
of •on* iw r fmm* liid«x and if ro«uXtt luisr 
«tiofi in thif iaioxf ooiiKootivo aotloa talcoii f or 
dotigii dan« In tilth « ifliy to vodttoo titis dovtAtioii 
Sa th« sHitaa l^lt o^ iriouiOsr to ir«ftt«r oo* 
m^mnittm «iii «D>>|ii«»ti<»atioii Sn th« srttiii vith iti 
%ttm4mt m M w t of Afaltitt thi* ecm^v^ 
&03NmS.ti iilmpl,« l.liit»r a^olc ocmtvoX 
mm iititt« tapilile 0f ai««$liii c»f ^ 
W»mt Air ft^ptivft i^ stdiBif m^ In « 
Gim not toiiv« to mil fm ^ or 30 3«e« 
iin «v«lmts<in Is iefowlti hm* ^ttigncd » uTi 
tm tor mrnmtff m Inaixetiyt pmhlm vhiefe intt 
uasoliniHt ligr **OrdliiftFr** baek ating th« 
IKdnpt&Vt 4lapttl»llitlf>8 of fio liWAr lf«ttdt 8rtt«ft| to 
liromi his QQiit«iitioa« his vim the on ftto* 
pti^ »y»tmem })aS| m. thm iihol«| to tmlittis tl)« 
fiA&pti'VO oapa^llitiss of Ilnsair t»eli i^sttt»s# fills 
has bseatoss tho t»ditio»si Xinosr fssd 
baek eontrol 3.itiii*stui*0 has SM^sissa the fUter m^ 
eontrol dstii^ sspiots m^ hst negtsots^ ths sdspti^ 
ftsiMMt i^ieh 9m iM tslisn osrs of W sysolfySiii ths mfp» 
royriats ssnsitiirllir ftsnotlozis* thli| hot««irsrf doss not 
Kssft thst thsirs It no ossA for sdsptivs oofitfols* On tlis 
eontipsrf it Is a yoncrfia eoaespt i^ioh will, vsst tho 
elislsngss of ooiitfol prot»l«as of ths spaos fit* fUX 
datto it appsars that no elsar ttt dslinsation hat snargsd 
tm Horonits t—mmma* grsattr rsssareh lato this aspsot* 
o^iAlifllYllrtr 
fits yaaliiatioA of tha batlo ooneapt of adapti* 
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^ v i t r AssiaMHl thram d i f f i t iNK i t t&vmn d u r i i i i t l i# • lur }^ 
fmm of dftimfiiMiffint* Xn flirtt f^m^ t«fiit4f ftst^ 
Altolat OmtmX W « U » 
fo(iii08«d on th» test Ian of «n (^t^iiim stint 
atifig ooiwSitioR foip th«i i»f©««ss» For ^wmpl^  tf t}i« fii* 
• I •0O!istits|^ tSo» Of tit* Qntt^ eni itstt 
- siipaaX) ef a iiBmb#ir ef dtff«r»iit imrUblti 
th« o|^l«i*l.t»tiig i[atf»«tt9ally s««ikt th% ofttnte 
poSnti r«iAti¥«}.r raplA aifcisit ot dlitiif^ft!io« 
irmvifttions Ci^t^ tt}« eotttrol sfstw is to oo* 
mmt aire 9wp9t liipot«4 en tho static o<»iditiont*!le«il*v 
Btttiofi of K mntmX ij«tiai fnmnmB m tii€ 
tomtia %%tikimmt of this (pstosiit operating poin^* 
k umtn^ eXftis of oontrol s^ rstsns possess ing 
attsptiirity C or iiiit£»satic ••if«(l«si|pi) Involves ths siitii* 
i&atio eonnsot on for Vftrisiiont In systes dyiuaiios* In 
tlis ttfusX «ppi£e«tion| ths ^ososnt opsrating point it 
of littXo or no Intsrsstf ths proeost tram for dyniwios 
«r« vnr^ flng (vith oaviroimsntAi e(mditlon«)| snd tho 
ntrolXor charaotoristios imst bo aitored autovatioallir 
if tl^ o ovor aH s/stim it to poitott oontiouaiijr tatit* 
faotorF dlynMiiet« SuOh tysttms havo usuaXly bten tonttd 
at iHPtfm ^W f^Tftli m%mH cfearaotoriisoa W 
th« inolutioA of a grotip of oosponvnts tpteifioally in* 
tartod for th* antonatio and froQuant saaturtttont of pro 
oats tS^na»iot (or at Xaast tpotifio atpaots of prooott 
dgnuwtos) and anothar group of th« antoaatio adjmstttant 
(4 
0f ee»it]*oll«r ^araitt«ri0tiQ«« 
t% U not ftlvsys p^mibl^ to dl^tlnguii^ 
vlr tt^iaudltlAg tkM t^^mptim oonti^ oJl iQrstiMi* 
tli« pre'feXttt uttit^ids ooati^l of a 
<SifflouXti«!i* A S^tetfy that fmt 
&mmmvtim tltotilLd Miiffe « i&liitai 
faction of mah a eontiral^ lefillds a df 
onds upon tho stxielfle orbit tho ipla ttkf of 
th« t tti9 Attitudt iigith 
m^m^t to grairttati<ml fioliS of tho mtxit^ ) 
sl^ oid/ as th@ 9atci3.3.it« tvaf^rses it» orbit* Zn tuoh a 
infOQOfis $s'mmtm aXso ^T^ alo^ s^rt and control, 
ihouXS tnoopperat* bot^ } opt tail is log oontroX (to 
g}«l»ttin low fttd eontu»!(i«ti } ana adaptlv* oontroS. (to 
iialj^talii aatitfa«tor3P 4fiia»So omitifoiy, fha ••aatimtasitt 
mtte for th« tin of control at*9| farth«r sora^ oX* 
otAl^ liitirrraXat«4» 
I 
CXoaaagr raUtad to tha adaDtiw liontral. ooaa^t 
ara the final vtXm control ayataiRs id iihi<m tba aoritft* 
3.1ara ara dotigiiad to f M A optlvm |Mirfoi!«a»o» of tlia 
omtrol asrataM at spaoifie Inatant of titta* m iqra* 
tana omtrolliiis Suuidinc of an atridLaiMif for axaiipiat 
tha onXr raaXlatia orltarian of tbo parforsansa if tha 
\5 
mnd 'mlmttf} of the vftimX* «t tfm 
of tmah fia&l ira3.u« oontrol irston 
ttiitoiiifttieAliir nigsiAl to to 
pms0m fm th& 'mis of tli® of Sapufe 
si^iftl. t}3@ prooosK t^toh vill y i M siiiV 
mm at spottflo tlst of IntoFost* Hiaiii tti« 
flmkl vt^m ^mwrn i^itMi i» ftti A^tptiv* omtipox of a 
wrr tiMNilfto nutaPAf btttiipr«toiitifig tti« oi^ t^ nm tol.ii* 
tiea of m Itoportam wia tsroaa of contitjl pmhl^ 
m^ 
fhusf th« SHPSaafy Intovost io adaptiiro ccjntfoi 
lioit In tbo po«sll>llitlos of on ^toni^tio m^umtmmt 
of proeoit Oj'nanies and o"" an ^utotuitie hikS fimqmmt 
dotiga of oontyoXXmp ohft^aottrlitie** 
Mm Shi tttimtfiaa ttuMintti gf laiytiltf sga^fiyj*^ 
Two oliMonts lAitth aXvtrc mppoftr In ioio fofm 
In AdftfJtiir* oontrol CD iAiAtifio«tioit aetu»tli* 
on* mmi^lGiSim iNifo?« to t^n oiiasuroiiioKit or dgr* 
muile tiwitfoi^ eht»mtmti9ti»M of tiio proooss to oo» 
iitt«oU«d| and AClOAflOR sigalfloi tho gtaoratlon of 
•ppropriato aotuatlng signup* tho pi>oe«s» iapot 
thor this i9 «ooeiiS)^ lah«d ty « loptrato f ^ 
otlon eimorator tlnplsr hf nodifiofttion of tbo oontvo* 
Uor ^ioh 0!»9riit0« «ii tho MfBtm ^vrer tiffluia)* 
IG 
Th« t4$ifttift(»&ticiii Di^ iaiMBy af Ittpofi*^  
III «8r to QcmtroX &y»tm A0$ign$ 
mtmmtits $ tmc^^^ am rapid snXiitioa of tli« 
jmhlm* T!i# m9t g^ imTMl 
t«ii % pfoe«st ld«^tlfi@&tton In t«fiiit 
or faU «viilmtlo!i of impaS^ ^ rwopeaetf the 
ii»f«F ftsmtim^ •QOAtiosit oi* othtif CCK* 
Pr&oliQftI oemAi^ ttTftttonsi saeh as Xlsits oft tti» 
iwaiiurJbg •^iimsat t^vmi^sible or cmstralntt om tbo 
tin* tov mmmrmmt^ doitcfiifily dietsita* oiii» 
IjT a ftartiaX 0f th« idantifieation pfobleiei Oil* 
27 partiouXarly aigaifioiait aaiN^ts of tht lapalsa 
poiiso ara 
Is vtav df tho 3.i«itaUoiit oa Moatifidatloa 
In adapt iv* systiiisi it is a^ p^atant that a foeal potnti 
In sirtt«a dasigm is tha sax^otlon of th« QUantitias iihioh 
ara to ba •aaattfad* Tha possibility aselats of diraoting 
tha iiaasuimMkt toward avaluation of 
6paeifi« proeaaa parsffatars ( initial dari« 
iratioa^ of tha proaass Inpulsa vaapeaaa» ths eoaffieianta 
of an axpaaaioB af tha InpoXsa raaponia in orthoiiorMal 
17 
fuaotiotiif tlm z tfmsHt fmmtim of tt}« pwmMm}» 
ispeeiflo of ptocMift 
iitt^tt 0f iciop 
mmif%& Imt tm&tixm ot |»Mx»tas pftmvfctira* 
of wmtX wstv^ mn Kliiai hm 
\xf n^mtim diffmnt ftmisAt tor wy^tm 
tml JUi 0iiQ» MtntSf&eaticm 
th» Insult is to l|«%«|!nilKi tit* 
•Qtftfttlfig n^iUh thm pfm^s* (tti^ hmm^ 
fills •dlmtion iitistiuatioii pimMia p«viiitt 
eoFr«X«ti<«i of vith oommitim^ 
•X fsrttWK thmvf% tilzie* t>«aie ftingXt^toiii 
wyntm sSmi^ witcafttioidXr W thm 
•i«K«nt»« Xi tH« imrrall sfttMi to li« op«r«l»l« la tilt 
0ft8« of raoiTAl. (or f M n v ) of tb« ftd»ptiiNi footioiif Hi* 
•xi«t«ne« of ft ttMnmitioaal baok oentroX v f t m 
ttim yitoh t h« ftAtptivii swstion mpvi'lnpottd it 
tinly dtairablt* 
Hox^ t liotftWf fUttixa&ioB hf ••siit of 
limtvoiXmr ftdjtittatat: U In 
18 
fh^ e s^ifiK i^rAtton of Fl«*2*t atmttM^ 
^•fit* iP«»tiPl«tiori| « « th« sig»*3L is 
W * i i m u r tvm of 
thu Inimt sjPtiinB iMiid thit imaa* 
fis^ eei^ i ajmamiiit* m iMStid^ tiag 
• i f ^ l mlmtim W but 
fmth«r ttar ths •stiaiit* of tli* 
aoliuatifii 9t|p«l. %g dtrivt tli« oiitpil tli« 
va^m tn th» eilntett fhlA geiitPiaiVfttim 
^ thft i^tmati^ pfdbUm a mttws^ m^mmlrn 
of the in thet prntGirm 
sy«tm9f the l>iiiif»1»tiii WfBtmt ft!i<ltli« f l » « l 
•fitMit una tnAMd imt^mta tht fuJX fl^MihiXitf iXk^ 
|iaih«d W th« s«XMtion of « oooipator «t th« ooats^ 
ftfttfllt ^tetllyf STitW'* 
Til* obMnnnitioiui of tli« proowodint «ootiotts XmA 
to tho ooROtmotiofi of th« Mook dUgtm of n 
ateptiim oontrol «/ot«B« intorsiosfttliit ci^^tonioailap tho 
viriout foftturoo In m%m% sagr bo 
Qosblnta I tiiiidbifJoai or oiiitt«d Mitlrolr* aii9h a goait* 
n l fo7iiiiX«tl0fi ftot onlr cBliuitisoi tho ititorf>ol«tioii 
of tho diffomit ttdoptiiro •rotoot iihioh hovo btoii ros»09>» 
tod tho IiMt fov jpooifof oloo Smliofttoi tho 
potontiiaitiot of oioiitiiro ooatToit ani |N»tAbXo Alroot 
ioot for ftitufo norkc 

ZO 
Figtiftt U Qm pes»il>X« dingrtit 
0f ttl# 4lNllfiPd pt»09St It oliom 
a Illicit stable o^tpit iMr»l|r 
flit <of th9 mrttm 
nm UmtUUi^ ill M«itifli}«tioii 
pmhlm ti ti^ ireai intho I'om vtth th* 
pftPtiitmUftr tftm tft A^ptiirtty* IdtntlfS* 
mm tm tefciil [g 1 o r 6 J we SMtrtliO. 
^ 9 f t i i# m m s i U m FMciiuisufs] t i t 
^ for tht prntas tldii*! fo? aU 
c i f a i i r « 6 t <»ir«iN» 
«3L2, f««a pe^ tli •xifts froai eutpat to laisiit If 
or for ih« Aovifttioit of iiroetst or 9f»tm 
from « aot^l* In iAmtUUmtim m^ r*» 
Quiro Inmtiofi of » tost •ifiua. oittivr iwriodl^ * 
ftia.lr on mOy aurittf intorval* nhon tho novwa 
•OtHftttflg «t||Ull it t'J'AXi* 
Tim BimtX idonlifiofttioii « la ^ioh th« pro* 
portiit of th# Input aiffuO,* d«t#niSii«a 
ft Mrls f « r the ata i^ttiQii of ptrfof««no» or «pti» 
nitaitioii orit«rU# 4t notsd In tho prMedlng 
t«NNi r«3.«tiir*Xr tlmpl* ndftptiira syttm 
nmit'XimmT ta th% t}i«t th^ hii^vm Quit* 
fwf d t f f a r ^ igim^ aigiiaai mm»» 
«c3t»iir|iif oi^ iBian usuAl^r 
mq^ iimM m f i t laioit ^t oofitlnatng «f»l>iuiti9ii i»f 
•tpial In tit^t ttOGQTdiiii^ 
^^im im ttt« isontt^i. «rit«»f 
em tht of mutusstie tipwlt 
mim tai^^iteF 
foir mora In t h« width 
<l«|Miiidf m the or tiift *%wcmX% 
etimmiM$ktim ftj^iafttions laelud* 
tie wmmwwfmmt of th« mto^orvMim fiMotton 
of th^ tlipRftX m^ nDlf* ffiid aittoMtt^  
tlo Aaiattttunt 0f th« tvantfur 
to fi»XA vfttm la tli# irS<mtr 
th4i e<Mi|!«it#iP» in iNiatiXt« of 
betli «!id •l^ cuO' ld«iitlfl«aLtlo!i mf titill^^ 
s«d to iAtofiilao th« oontvolXor <}hft3rA0» 
toifittl* iMteostarir matvmtimg •Igntl* Yh* 
liooifiMi 4«irl60 is th« iotAtion In i^ieh th* 
oritorla for wrmtm •••lua.tioa «ro ttorodi ilaoo 
th« Aotuotlng •igniiX aopondt oa not oaljr 
tho IttQutien of tho oontroi vfstfin ( •*§* follov 
isp ) but lato tho <iauititotiv» l»«ilt ttm lAiieh 
zz 
thm of the flaai is ts ludftd* 
fli« crdnpittf wasfim n eoia|a«i£ 
liiwc»liflai th« of ft itt ol* 
lliff«r«ritiiiJl C «• In dfttli^ of th« 
9yQtm te i&tlify A # m f 
4# til* ItBi^ mmtrntimm or th« ifai|Bi«at tetiuir*^ 
to liip)l.«B«eit tli« dltoisto of tho <l>«i<Aoii of 
oomputor* For In « e^rei^  olantiiw 
oeti|uit«rf th9 dooitlon nifht !»• to maSm m 
tifto ooottant of tiio emtroXl^t to 
« BimHk otitput tmm III iuoh « 
oftnoy tho tipstfiioiitfttioa hloeik i » tho oiroultftfy 
nt^iroA to offoot tho totlroa iraviotioiu 
8* flio oontfoilov* uttiftUjr eoMbino^  vith tho 
Xinoiitotloii Ofa&ffMustt la vhioh tho iaput it 
•oAi fM to fUlM tho rotolroA oottiotliit oifaaU 
Tho oontfolXoi* nor bo o vovioilo coi^ or imrloSiXo 
tifaaofor i^notorlttlo owltoA ^ tho laimt or« 
oltoraotivoirf o fuootioii gonorator vith tho out* 
fiiit oqiifti to thftt ootttfttinf oigoia. oolootoA hr 
tho AooitloR OQOipiitof Of tho o^Sami for oisolto* 
tion of tho oooiuroA itrooott 
luimliitlii In tema of yfmetloAl »<3i«|itlvfi ciont* 
ml sygtMt for tuo r«att»it Ct) iKOit aotutil. pvo^ 
mmm mm ecmpXeXi Im^lirSiii muor 
topi m ^ m m t m m I n i ^ t i lyna o t i tpn ts i v i t h 
t^ ttaat thut adtptiiPt doflipdiumtt vast 1>« 
i^ed Sufco oe»t3Pol firttiiii i^ktlier tluui 
i99lLAt«ft fttm ftootttt Ifc 
(£0 anr pi^aoti^ «aapttf« »f»tm nastf 
of the X$m$,%mtimM ItepoMd hy «93ty sl£«t 
•nd iNiilAba^ltF « 
iifttioti or <itt0f ion of of t.h« t^ looict 
iMieat*4 in the fSctUNift 
tA spit* of XiMi%m%imM% Flltir* S 
lodtieatot th* lat«i»«miitM4tit|»i of 
«a«h of tHo rocMit m t^rnwh offoH m 
«:rstMt« la tuo oarly r^ ts t^ of na i^^ tivii ootitroif 
iuijor Miiiiatit liAS tmm oa th« 4miosii«at of ^ 
idontiflor lOotiCf usiiAllr tifiitl 
tiofi hftt boeii (wittoAi and tfe* 
ntfttlcA tni oo^foUtiP ba«olc» ii«irt tmm mxmM 
dorod at « vSofio iioit»iiii«iui* oontvoilor* with tho 
output dopMidIng ttpMi th« sigiiiX IniKit and th« 
idiot if 1*7 output* t m vlth tti* foeti«»l^ of 
Z4-
attention m th® idvntlfiofttiosi h&navayf 
tmrrn §fiSXl msi»t» m mahBr of essftntliOr 
lantfumma <iu«sti{ms of ftjMmmt9X iigaifa^^met* 
la of t;h«i »!itif» iidnftliwi nystMif 
« basic hm jmeive^ w§ff i i tU « 
Attest In tM initixa islift»t» it 
tfe« dttftfuiiMitiim of th« ittbilifey of th® s^^tiait 
5ftrtl«ttliirlr thin ttaliillty is Affmt^ W 
•Hdid ^at eon4iti<»» |io»si1>X« to 
obtain an etoillatlon emtn^^d In th« adaptiva 
faad bafilE %jo&p vid aritini; btaaaaa of tlaa laga 
naaatiari^? lavolvad la tiia ?aali«atlim of tha 
iaantifSttatiofi aotiiation fiiatas f la tuoh an 
imttabXa eonHitidiii tha aaaaoTMant of tba ppooatt 
anA tlia rMltsation of tha datlfad oonti^aar 
eharaataviattaa la^liraa a <l«lar auffioiant 
to yamit In a ataa^ asaiiiation* wiiila tha a4a • 
ftl-wa iriaw yaiat has yialAad tm at>mMh lAkidi 
latantlaaaUr ncai^ aiaaat* faad back arat«ii nay 
ba datignad Sntaliiantlyf no»»Xinaar faad baok 
thaofy 4aaa not provida analytSo tooia ada<ittata 
to pamit aaaplata ataination of tuah oeBplax Hfft* 
tiMii« slut* the mmrmm^ of otolUittiofitt 
<i©p®ftd8 ©poll t h » ixdti»X c o a i i t l o i u i C lis isattjr 
tmf^lSmnii^ pfftMmn ) t aml^ eud^cotiimtdf studies 
l u , 
f M » n , .CTTOf^ lr 
itfoft €Oiisidet*iii0 the f&v 
tion l-i fiii^t control. It viU hQ wort^ iitkllii to 
ioXlfiviSLnt do m 
flifCht ednts^l and how do Hi do For 
ing thorn f»t»ti«iii on* emftt iinv^  a knoidltdg* of 
an4 t h« p«pformaae« of »4r»oi**ft»* 
In case of mmnM air craft thtir ptrforetaneo tzis 
Inerttased ttdmondouslrt with « lr ertft perfonsilag» 
ttpto Mach 6 and celling hoii^ts apto 320^ 000 ft* 
This has ^aeed irery dtuwidt mx pilot tffw 
orts and Oftpil»ilit3r« To r«liot« th« pilot of 
th«s« problonSf p«rfotwiRC« imnn«d inihisl«» 
are provided with nato^stabiliscr or stabHitj^ 
attvatfttftiiont devieaa and autopilots* Zn an auto* 
•tabUiiNM^ tlia aircraft i» controlled hy the pilot 
and onlr itabilialnc of th9 ultituda i9 dnna tty 
the sjttefe* fh MS the auto^ttahUissr systeii only 
chances the location of poles and sero i^t of tha 
transfer f^mttion ana does not Intror^ uce new ones* 
Ih case ef iutopllots ve i^ trodttce mv »odels* 
The attitude itself is controlled hy ths auto* 
pilot* In ^ase of auto«>stahUser m »ust either 
t i^^ vidt il«tt«d to U m th»t In 
OAS* nf its f^iitiPi^ it ao«» m% «au!i« stmiet-* 
nrskl f&Usm by «pplyljii too mth eontrolf qt^ 
ym wtist ^fo^M* y«<l«adaiiC5r# tti« <^aag«8 la iittl* 
tttJs c'l^ -iinad ty Fm^tsttlm of itetTlaf . 
forats in an iientital jB«an«t to tMo^fnmi® 
coniyol of suldtd mistilti th# 
foUoiiflRf'^  Uayagraisfei 
tnthf* flaia o" iaid«a ttisaUeff eont* 
rol And guMsuie« of projvetll.* of * ati^ an i^sig 
s f t m ifi to its ki^X pi'oba* 
t^ilitjr afsltst II high MaohftlTo* airorsft or tttssiXo 
enirrSaf? feiffely l.«thml t^ on^ s* Thit ?«qttir«i that 
th* fXi i^t trmjftotorsr of \h9 4* ondlsii n iss i lo 
fro^tti* «CMt of boost fiiiito to tomanaal ph&so 
•ttst b« eontroilod so that th* MistUo 
ooiiitii«n»#, or m voir sioar » i « « with tho torgot* 
Tho «riti«i nhisli autcNMitieiiUr« oc^ troXt tim f l i * 
ght of tho »i«8llo it tormd th« «*iii89iX« 
ecKitfol nfstfis". Stieh n irsttit vry much 
ilniXAi* to the Autopilot for « airerii^* 
ftioro it» howtiwri on« iaportaat differoneo 
b«ti4««a tuoii to thft OAto of ftiror«ft| 
ftorodrnimio ttAbiiitr it mrf iiii>ort«iit» mmn 
though Kii mtopiXot Rgjr h* tn th« •v«nt 
of failuni ol fta th* litukin pilot mist 
ft^l* to tak» ov^r fta^ f i r But in th# 
of mi9elX«t it if not nae^ssaiy to 
tiai aissSX^ if^^i •tablop 
enist th# eonti^ ol sytt^ falXs th« whoXt 
mission in 
imm^ajzLJQUslil, 
Sj^ HDBsics of flight i» m applifid •agii>» 
•tpiag subjoet^ not a fmi4ae*)njtal oao« In f l i j^t 
dynanies oiiu Interest it eonfiaod to ooTtain 
foaturM of a pftrticuXar tjrp* of in<)>| oaa l^jp 
aifbom* inhiolAs* To oarpy out thQ 
•ttt<li«tf «» find th&t If* autt appljr itifoimation 
9SSA »otho4» dTftwn fyo« mymrtil tmAm^tit^X mhm^ 
J««tti pr3fMip«Ujr of •olidtf 
of flaiit appliod MithMMti«t» 
Th^  gtnorax nftthtrnttioal fomulatioQ of 
the flight of an olastio body gubjtot to aoTo* 
asmomlo and isravltattonal fore«9 through nofi« 
atatlonayy air ^volvaa thr«« atts of aquatloatt 
2.9 
Ca) Tho fo3N»« ^idh 
the uotim ^t tho mss** amtf to th« •xtvmO. 
foi^ti* 
fhd etoit«nl e t^iatioASf ^loh r^Xftti 
imi isomwftts* 
CS) The •Qtifttioii»t whieh 
thft of th® »tipuetttw to tho Xoadii^ 
tutposed m it« 
the prahl<i»s ^ioh hm« to be 
solvodi tsXl I160 thif«« ^mmr&l 
fh9 pTohXm of p9vtoTmnm9f l«»f th« 
ealeulUtioii of mxlmtiK mp— t^ o«Uia9 rang* ste*^ 
jUi^Xvt fHuitlLar th« 4ip|>Xi«fttloi at th« fore« 
•qontioiii* Th* nmommt md •l«ttio •(|ti«tti»ii» pXiqr 
••cpKteif reXtt* Th* ti»M that ar* ehafAOttfrisw 
tict of thift eiftiff of |iDehX«ii» art Xont 
(»imt*9 nr honrt > • 
pi^bXM of •tftbUltjr md oontroX 
BOtienf vtth mmUMV oliar&etftristieft 
tl»«e i—amAn) » m^ le^Xor aXl thr«o t«tt of 
•Quationttf «Xthough tho nontnt •qimtiont 
50 
tii# fiotfttScm of tilt Mist t#tisi to fee ^ism^rn 
d«»lft»t«Nl W tftaiitifmat ulth^tii^ ^ 
m is«y iaml'm fo^et kcmiiiiiIe #«|ti«ticiw 
mtl^ fh9 of the Orei^ie 
fti^iiattanoft C fHitr&tioii mA 
tlnU^T } §t S3 X mMiiTf with typSeal 
10tij^^ti I limn0 
fit 9tBM%itr ef 'jtSsm^hUXmu Hot® 
panitsuLtisif^ l^ ^atrj thlgi byaa j^n^ with Cn) 
f l^ aoH It^ 0? arfi al^lafis to fly 
styiiljrht sl^ibilifcy)» 
Cli) m Ain^lnm or» ^tS^itrasr fX^^ht 
;}&th (ift ) mniiws^^ 
la (MmirAtt vlth othwr iralii«I«fi of trail** 
tmiii ly* t M liiifSt igiitMo1i£l«« 
til* f>fdbl,ittt it«»e0i»tiid vit)i 
of « « ttti»|il«aii tstkm m 
®f pjTis^ eafc^ i^s la itfi d#«agiu yh^ 7«at9ti« for 
thii are HiataSy foilwtet** 
51 
( i ) Ati ais^fi^ir is supported in flight by a 
nmio v^ Aistinii of tha fgir Against its ISiit 
is in coat rant to tha •isspler i^tctloa of Imqr-
may ml roai reacti-^ n siipisort the 
goliig ani laad-^ -i^ tag fahlisl^®* 
(S^ AirpXanss fly «t vrnr hii^ § ft»d 
In t!i0tr attitud0 east |>lft09 vesy 
lOyt this fdVAi? dtiiindi* m th^ hmm or 
auto^plldt 0 
(S) Air emtt mat tm stmptsd ist thrm 
tioaal apuesi Khtrens i^iips i^ cinl?® 
only In t'jo di®0ii3leniS| anit trainf not stQQ^  
Tti« sffoi^i th«t du:e'ing d^m 
aiftt fiml to mmv^ that a fiaiihtft 
«Srpl«SM vi-X haT« «d«quftt« flying qu&Iitits it 
Bsnde in soTtral dir««tloikt# Finally flight 
tine 1« rtQuiwia to wt l f^ that this flying 
<[iiftliti«8 Aotually ii<ihl«v<id satisfaotoryf 
or to find And •Xl»infttii liBpitirf^ oti^ ns in thmm 
^ traatiafliiit of th« afeablXity 
control of m i^ irpXmm toqulr^i dyiia^  
Bics ©f flArM, 
imstsftdtsr eiotian of M^i^lmm can 
freqmntx^ b^ ae^aratidt tor ^ommimmf in to 
txm Oao of th«s« coaslait of th^ iwagl^  
tudual oif- Amn^ttio . rnatijotm to*, thot© In 
th« ijlnjTS ffasmSn sad in i^ iieh fcfeo oentrt 
of la a Thn otiiw 
oonsitt of tho l^t^faX ot nof^ agrt-isietyle aotlona 
t«*i rolling y craning f ana slipping 
th« angXn of «tt«oht and the 
of •lAVftti^ of th© X'* axit rtaala eoastant« 
3*4 Aawa ma itgU t^eni 
tiro trmt of rafsFtnoa ara utad in 
daforil>ln{; th« notion of an airplana* Ciia of 
thaga iff fissad to tha aarth ( th« notation of 
which it asitnaad to ba naglagiUia), the othar 
ia fiatd to tha air|)XaA« iriththa at mats 
aaatra aitd mmtin iMith St« 7ha |»oaitioii of tha 
Lz RoLLiiNiO MOMEMT P= ROLL\R46 VELOCITY 
M ; PITCHINIG MOMENT Q S PircHiNo VELOCITY 
H ^ yAwiNCa MOMENT R = Y^AWINO VELOCITY 
[x. Y, z] i CQmpofienh e^  resuifim/^  e^rotj^ ndmLc ^ofceS • 
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of t2s« of It 'if 
Ciittttlaa imof^ Siuitfl* XNiiatlw fl«t4 
of mitimm^M liit%«iitfiiittomi notta 
»»Xfttiir» Ui^ It ^ tlm 
fix th# lusguXnr 
oitjr ifrntotst or tl&e a<ivlAg aaati* dlraotloiii 
of th© XM&t %mn sktmi $a Figiif© Tlw 
30 is tisc- pl&m of asrffiEUtiT* tha 
of Cf Is iA iGnnroX tmcMsA to th« 
X ax»s* fhis is b? tho twe 
angles* C sh&va& flj^re )• 
n^gk^  of attaets at taa*^ Wu. 
of »iae «a,ip • miiaT^  V/ 
To ehaiigo the f l l ^ t path of the fast 
ftovlag veliiolea forcoo hav* 
to "bo la a?i a^ rprop i^ato so 
that th®j!4« ik^ tittg oii th« t l i ^ 
I t s S^G* 'fhm « t a I t s f l i g h t 
It ft. at* flfur* In m Mto^ytamic volilol* 
Ta i I L i f t 
F l G . S ' i G e n e r a t i o n of S t e g y i n y F o T c e s in an 
A t f r odynaw ic V e h i c l e 
- - r.- A 
* ••c • 
m 
't: 
•' V •"•'i 
1 . 
2 . 
Th>-ust Mecioy Co r i t ro l ( TVC ) 
Off-Axis thrust 
Jet v ane s 
3 . C o n t r o l j e t s 
A e r o d y n a m i c C o n t r o l 
4-. R « a r Ta i 1 C o n t r o l 
5 . Cana rd C o n t r o l or f o r w a r d 
C o n t r o l s u r f a c e 
6 . Mov ing w ing C o n t r o l . 
F I G T y p e s o f C o n t r o l F o r c e s 
36 
II ttlX surfno* fi elitng* In of 
the tsli ffoiffiftet aistu3*t»s t!}« | 
tim9»9 lilt iri^l^t to 
til© ifotiit» «bomt c«i ^ thu i^ ngl* 
of 0t t%& mSa ehaagiia* fhit 
wisalts In ft grtatey ©r leaser l i f t aai fchi» 
ehangft ta I l f i eamst^ t gitos ritt ta 
ring Mefi ehitJig® the f il^ifc 
hn ttsn be mm ^ Pigiii"© 
fGifo© fjs^ M appUlM mt^  «iloag 
Xaagltj $t tht | Ijsst eoiitroi #ff» 
«Qtiir6!i«ft is AiswtXy prop^rfeioml to itt ills* 
tmm% fmm tb« laa^  Is® w^piita 
irith n ^tttttinf Motor ( i ) pointing 
• f f thtt. t i^* » C2) by mnmtiag wavoa i^ith 
in tho (3> fcy maiiJiaiy <4> ^ 
« wmr tfiiX ci^ titroi gurfne* (») W 
dftfi^t&fif mmtl viftt t.h«> ttos« < 
eontirol ) Ci) l»ir of th© isaJoT l i f t S a i 
«tt*ftt# aiMif th« CMVlng wtef, control 
37 
Kqaafeilemj* of Hetto kofo^mmie 'SvmstfiT$ 
f he tremiw famtim of siiretaft , wiisii 
thd Saput tho tXimtor Hugs.* m*} 
the '^ ut'ut is pitoti rs.t«| Is deriwd on tlto 
dtfiiig pti^M^ 1% tiiU that thft tvtmt^r 
fmmtl'^ lAfoa MO mm^ irarln^lti* For 
tht« iJerivatJciit © l^uatiftitSf Is&Q 
Sda of tbu in din«stioa, m^ 
ISfitta i^sod for um In itiibllit:^ and ttotittY»X wcm* 
lyaia^ Xa th«i dorivftttm of •a^^^otui it 
is th&t tho motlcai of airpXiuiM emsist§ 
of msXl dmfiwmtlmt trm « vfmrmM^ «on<|itiQn 
of 9t0Ai3y fXiibt* fh* us* of th» m*Xl digtiuvbm 
mso thmry h&u bwm fmmd in |(2*itoti«« to gim 
good ifosultst Xfc ^ adlftts with «ttitfa«to77 prom 
eldio» tht titftbUity of fXic^ t^^  at 
&m umul tflth mffUUnt for •nftiw 
eeflag for votpont* o«XouX4itiisi« 
thQ &i§turhm0m mt tofinltssSatl* 
3 S 
T ^ M m fot f %hm o f t h « latt i iod 
mv« tifo foaillt (l> mw <iiit«S| th» najdr mtm^ 
(|rii«stte %ffmt§ At« fanotima of 
tht ii!i!l dittux^ed fll^it of 
nm men t vith 
tii« XltMftr feoa bftdl oontrol 
mrr ^ emtwal et it is 
nmi$s99af to ttio «|ipfQi>yiUit« 
fil0 tmtftif fooetiosi* Fo? tbit imrpoi* aslAc 
MMdX p«rtllft}«tl(3llf ftS AboV^i th0 •qllft* 
tlon of notion of « aoiriiif vi^idl* oan in^ jU 
ttMi la t « » s of MroOjmftBle 4*riir«ttr«s« Otlag 
Ukj^ Mm tmsfofii th« tmnsf^v foaotion OftH bo 
Aor£ro4* timtfomod o i^Mticm for l^ngi* 
tiidu«X •otioa m (i¥oiv bolovt 
a ttnO) S ^ad i • • • 0 
[ ( J30 • tan % 
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«Omi 1 • oC # ( %<| S m C 
fhft i^ tw^ •(jantloiis giim the notloA ef 
tb« In Ximtittt4ui& of ^vnvtrltt 
fh« sain pTQ^bXtQ of the l^ngitudaal f*** 
pmm^ Is eelsmtettd vlth th» motim of tht alJppXttii* 
ttirSAg fiip&t fmp a$mnd» tiftw Mpplk^attim of 
•Imtof oontyol* fh* tlttifttlon it thm sSailLAy 
to thtt notion of ftix^ fltfi* in its ihort p«rio4 
mm i ^ A i ehftHfos ft^o umlipo* 
Ksft for Host ^ftotlota 
sm3*po8«it ftsswi that H « imd th&t tho X form 
•^nation If l ^ t i ea l l r tttltfita* Funhmortf 
it it mwmuMi th«t tho ftfoi^ae* niflit path it 
IwritontaX % « Q tHU hat UttU offaot 
on Hit roaiat* With thttt mtvamptims th« ahoira 
•cittatl«iii ra^oa toi« 
4 0 
^ ® i • c^ e sUt JV^lrt I 
Br thm% alJinratoi? ooatfol igritta 
ana thd itir «r«ft fntae diff«r«»t plirilsal 
iy«te»St ^atioiii «b i^aftftnged 
In « fem tti&t mknB pogvlbl* « utiifaX iifarileftX 
fhis torn it t* 
i^rn^ Qm^ ) o( •ts/ir • Cg,) s 1 • 
( 4 ) 7 « A C f ^ ^ s i 
fimt tllD th« •^OfttlOllt Of Motion vith 
tuo d«fi««s of fyvodoi • oC, # mro tlio dofmidciil 
•aiplabloi and tlMi tXoviitor uiilo ^ la tha tovm 
elnt tMtioii* fha l^trd it tha aquation of 
sotion of tha aiavatftr igritiiii In viitSeh tha out* 
|!tit ia ttw ^avator aaflo fWid tha Input eontalna 
tha sanaraiitaA oontrol forea« and tha ilwlK aii^ 
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1»3JIIMI INMPM»% ^URIABX^T TL SMA 9 # FRM TH««* 
Mmtism posiltoX* the tiPsiiefAr 
fxmxstim pf v^Solt ^ibm tb« Ininit lit th* 
itngi® tm til® mtpskt U «it« 
I • FMM ^I^TIMUT M& 3*4« 
i ® - % M Cs^* 
fiov 
@ 1 • $ tn* Iiitoh # > 
wetttiag for i , S m # Ct). S (•) twowat* 
i aft tvmMfomM of « , S nt lmir» 
mt lae it t« « eoimtilttzitr fom imvAi 
4a 
-
6oii|»&rSAi it th% fof« of th® 
ti*ati»fftr fiBittSeii t&r fftt* ceontfoX sr«t«i 
*s g i m Sfi f*«fa it»f 
it i « that 
7 B 
• (l/I • ©IJ, ) 
tm m aAi ^ s 
9/0 ie 
43 
S E m u a 
Anr f i f iat 4«ptii(ity for its eiuilii^ 
iita nbottt its «9ilt of « « In** b#«n 
j^-iiift If 
t^vm^ tilt Mf3L««tlofi of avfv l^^ tiwiid ooatirol. 
•nvfAOMt ttio&r ttiifiiitudiM Am ftisidtions of t^o 
of tt!« Ooflvotions 4Uid «X9o of tho SJK^ d 
^leh i« iio^Siii tlnroui^  the alTf 
itndl tho Atnsitr of t$m% «ir* Koi^ •ptolajUjrt It 
U mil kmm that tho mammt fvoAnoing offoot* 
iitii«99 of % eontvoi tuvfAoo WKitiMB «t 
liim^ 
Mg t ^ ^ I* ebimio in i^ itdhlfig mmm% if«r*f« 
C3i«iit* IA omtrol miff«o« A#FL«otion angX* C %% 
ii oftiloA m ) 
P m d«Mitr of air 
f • iPilooity of th« i^lolo* 
fliifo Aft othttF vartatiomtf p^ftisulMi 
in tht traiksonSo Tm% t^ tmt ooaitAoratlon of juit 
4 4 
thin mrlat&Qci ^ith d<m9ltir and ifi 
th« flight mf^optt of Air eraf^ ana 
t!«s«tl« •nimgh Ulttitf&t* 
fabX* S. t9Mm tvm Baftl lUiitttrat^a th# vi(l« 
wiiitloaa In Urnntftr fonotioii of liho 
l^ iteh axis stabUitr tfUfBtntMititm of tht 
10 V6t«fii*ch ais* Th« slKpli* 
fi«d short porlod ft^prAailiuition to tli« 
e^ rnaslo ti^mfor fmetion iattalceii « « ! 
• s § » s/i^ • X 
•sid tho miiablo data on paidttotava K»% f^ ^ 
ana % ara glvwi in tabia this tfhova a 
changa of tha ordar of 1000 l i In tlia fra^wn^ 
invariant ftnK caSa factor xl* of ttia trantfar 
funotioii Sn thia «o«a» *n aAtMiatio might eontfoX 
wfttm ( a f o • if it if to niipa tatiafaotofy 
parfomanea tui^ tr all fXi^it oeii4iti^n»y wiat 
adapt itaaalf to aaoh ohania* 
9ig«4»X ahoifs th» oonparativa raaponsa* to 
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At (a) dhotin F»8poii»es of fr9« air draft 
•t tlirt»<i dl f f «r«at air 9|»««4* aXtituda eoiil»itta« 
tSdm$ at (li) tim ttia mpoatat of thu air oraft 
•<|isipa4 iiitli a t$md pansatatdr entaeatio fli i^t 
csofits^ dl adluata^ to gi^ a iood ratpcmaa at 
the madiisii sptiia flii^t eoaditlim* It id aaan that 
at h l^ tpa«& tha r^apom^ it mare rapid m<i 
raeiat^ ii^  SioEipady at lov afiaad it ia ^vm 
an4 sXtnT^  ta eontfaat thd r«spon«aa at { 0 
for th« air araft aqiupid with an adaptiva aatoauM* 
tie flii^it {^trol arat^ ara almost idantioalf 
ao eatter il^ at tha flii^t condition* CXaariy « 
ada|)tiira parfomixiea i» dtsoastratad* 
k diraot approach to thia prohlMi and tha 
en^  that m» f irat uaadf vat to vim an air data 
a7at«» m^ than uaa proirwmarfti or sohadolaVt^  
to vary lha oontrollar pamatara In aeeordanea 
Mith tha ohansa i» dymniki^  praaatiraf la 
daiorata itapa* Thla hat baan appropriatalsr 
rafarrad at ** opaii«l.o<ip adaptation *« Thit 
hontvari had no ralation to tha aratati parfofmonoa* 
HiiXa iueh op«fi loop adaptation hat 
baan axtaativalyaid saooattf^iir appliadf 
it hat etrtain practieaJl ditadvaatagaa* Firat 
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it«!atti»*tii int&rmtim vAgayd^g nlvo^^^nittailQ 
eh«rft0t«!fiitl«t tlivotigheut tlt« oporating df 
m trying v^ial^ liftB tmQ<m Inemslngly 
euXt to c^tftln* me&suvQ&tat 
of ftXtittidt it vM of air tSNied 
a 
lit hi^ Mii* iPttitudot biieimt In^mslaglF difflmtlt* 
U«« of ulir htkm to amdt for iuofe mm 
iiumjwat^ la ^ ^ ijopf^ wsaae© syat-jmsf 
stagnfttim tdnporaturo In ossoass of ISOO'^  
eaeoaat «raa ( for velilcla ) , 
•ariouf Bfttarial pgohXm^ oan ba bl-passad if air 
data probaa oan tm allaliiatad* Ifhis tn aacy 
sitmatioiis th« inforeatloii r«<|airad for ^pm Xo^ 
adavtatiofi ean no l^igtr ba obtainad ,limi,igli,i lor 
diraat^jAaantflimilc i ^ tha r it mwt ba obtainad 
through aoayiitatioaal pvoeaaaaa that ara thf»» 
ia3^a aoiplax iihiaht aaoordinglrt affaot 
advaraljr tha potantial raliabaXitr of tha ovaraXl 
autOKatie fligtit oontroX aystt»« %hu9 tb« groving 
0<»ftp2.«]dt3r of opaa loop adaptation**^  vith tha attaiv* 
dant diffiouitlaa in dasigui in produotioiii in 
fiaintananoai* naa bringing this diraetion of dava» 
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lopiOAt to II of dwainiiliiliix fotumt* At a 
eonatqaoQoo amay votkorg in th# fitid of nutoafttlo 
fiil^t eoAtrol 9y»tm i^immXiM^^ ^t tht b«tt 
i»YST«i! will T)« CMO In rndxpt^limn viXl INI 
in thd •«iiiHi of fttdkltig to mhi9!fm « 
dofined lii«X atAiidArd of SM!pfoyB«iio«# 
2f «dapttlir« flight dositrol is tisad 
oortain otli«r teportant Adtimtafts iir« obtained* 
One of th« iK»0t tepos*tant ttdvatttac^s that 
«dapt&ir« eontrol th9 dtsigzift^r th« tbllitjr 
to liftvo m fmHmisk tmmt of «ttglii<i«riii o m r In 
the syntm dtslpfi* In othor vofd* | if th^ syttMi 
hftt not botn dosignod oXKOtlr ' th# irttw 
irin still mtk on tiio first tiTt htoaust it em 
eoeip«ntKt« foy luoh errors In dosipi* Xn th» 
oas« of flylSNl TthloX«« it if $mpmf%%im 
that th« irstv m tho first tf^i thia is m 
imry sitnifiesnt ssin and cuts donn aotual fiicht 
avalntlon tli»o<» 
In sase of hipsr soAio airopafts 
sissUas or i*««>antiy Yahielas va havt to nadntain 
a vsfr hii^ sngXa of attaol^ Xt snoh liii^ antXai 
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dlet&bl* gma vmvf ^ if«3r# t^ ao^  
tnfoiiB«t&iiifi muT tlms fiot ti» oak* an 
initial ^ o i ^ of a»W systtsft* Adtptivt «ci*itroX 
%hnn p%mltB dteifii of fli^it emttol 
to iueh control pPobX«ns» 
2X1 of iii«9il« ooiitroI« «• «l«o In 
oth@3* flight «oiitPoX»f m hnvt • miilti]illfil» 
tf 0f loops sM tli« mrtommm* of th® 
eoeiplote 978t«i8 dflpinit on th« prop«f p9rtomme9 
of all thft 3mp$p ftdftptatioa offoirs a gr«ftt 
»dvatiit«re^ using a fAla ssritciii to th« 
variable,•Iwaiit of th« srsttfti vt magr Maica 
trnfiafar funetioa of tha loofi aasaiitially wiitr* 
This » th«ii| pimits us to tia aiiar txmh%r of 
outar loops arrowiA t ha syutmit this ooiisid'^ iiibai^  
iKprovas tha iQrtitaB parfozttanea* 
fha fiaad for adaptation in tha intar* 
eaptars sttsh as Klka«Ajaxt Vfica^Haroulas and 
Klka^Zaaa has alraadjr baan peintad oatf mmmlf 
variation In cwntrol affaotivanass of tha ordar 
of lOOil as t hasa ara airodynaiiioally oontroilad 
vshialas* n^ narlcad oontraet tb thiSf tha eurrant 
ganaratim of long rang* thraat* daflaetlon 
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e{)nti^Xl9d t»iiUBsti6 nlftiltv of the O^lttil itsttf^f 
Thor, titan* V^ A atona ml Juplt«r 
©ptput© witfc faifly eanutaat tlimtst and utieftfop^ 
eoat«5l is rel^tlvaiy im&vimt and 
yeaaily pf<i<lietat>l«» fh# n^d for adaptiiri? control 
tn Balleitlo stsslX<i8| o m t f 
on th» control pro1»liii ftsuXtlng from budlr bcndlngf 
pvttpolXmt sloithlng ana of gravity 
mmmM 
eastaaxi l 
Ov«r th« iMist f#tf various toehfil* 
hftve u difitr«l,o|»©a for adiaptlv* f l ight ^m* 
%ToX WOP k. It K»y not b« to desorl* 
Ijo ail of but m shall dlsousjs thos« of 
tft<3tiniqu»« lijjiioh h9m «ith«r sucotasl^ Jlly 
flight t«$t«a %n aotual vnhieXns or thoao ilhloh 
nitfe thi?? vork only byitfly. 
L t^ us first aonalilor tb» ^pdolfioa* 
tlons for the n«rfo?Bane« Qsteterliin for aaoh 
t«Bt« ^ ib«Xl consider only th« spcoifloatlont 
of « tto4«l| titio* ft ttoiltl is invmriftbly ue«d In 
th« seh*^«t to bt ditounttd* In oftf* of f l i ^ t 
oontroX tystMy pilot handlint qttftlitifti froa tli« 
bfttif of ptrforvftiao* sp^eifieatioii* In cfttt of 
Bi«fU«» Ooatrol frttMt iTttM tptelfioft-* 
tiont likt trantimt rotpont* or frcquonoF 
pons* tfUl d«eldo th« ehoiot of ft wodftl* As for 
fts vork or hftndling qualltiti of ftlr oxftft it 
eono«m«d| r«i«ftr3h hfts b*«n «ftrri«d out by vasa 
ftfid Comftl Aftronftutioftl lAbormtorr tiadtr USAF 
sponsorship ftnd thsir rssults sro ftVftllablft in 
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foscAFoti It has bten «»tal>llsh!id that th© pSllotf 
th« T0»votmm Sa th# pitoh axis fivnn hy the 
fol'.owia^ traasfer faaatlonf 
0 ia) a 1/32 
^ seoond syutm with damping ratio of 
0«7 und m undMtpftd iiatursd fr»qiu«n(i(sr of 3*0 rod/ 
Thii UiSio olextnts of & hl^ gsia 
%lm ujBtm^ ari> shown in Figar® S.l ( « )• Tho 
limsiV ofefiifftOt«ristlo Is & vafiabld zziti ^Ith sat^ 
uratl.Tn, fh« rain Is vnrlti by tb« tnpXitadt s«ii»or 
loop at irtiom In Flgur* % r^ &t locus shei#-
Ing th« v«Fl«tton f>f t!»« roots of thid s^stm as 
th« gain it rfti6«d is flho%ia in ^igtire 6«a* Th«» ob« 
J«otiv« of lliii typ« of lyitaa t» to the rain 
at high as possibla witho it iftet^ aaslngr instabili« 
t/i to as to trstka ths rasponso of th# systan assa* 
nttally fta® as th^ at of tha isodal, ( slnea tht 
transfar fanotion f tha olosad loop it than «S8» 
ant illy unity^ as woul^ l the in any ltn» 
aar systasi vith high tovmM gain and tinity faad 
t>a«!li )• ?ha high fmin of the systam oakas tha 
m 
Mdel Vdri^ blc q-3in 
Pilok 
5 • 1 c ) 
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baad wldtji of fehs flight vohlel® auUoptXot 
sti^ral tSi8t» greatep thtfi that of the mod*!* Thia 
BfttbosI tlissi with mnum that thfi nyatem outptt 
will follow the Kio^ el output elo®ely tfhm 
nlah the dosif^a ot ©pifew Tmpmm* 
It am b« s««n frcm fle«8#9 that, as th« 
gaibci Is Insrontod th« ccsBpimsiitlon looi go aofost 
the Jv axis at & frsQuaaoy v *^ B«0»U9« of the 
tiii^ atliig eharafttorls'i icis of th© fornard loop gain 
ehmf^ off the s^ttta irlll ISsit 07el« at this t f ^ 
qu«saeF» Tho pai*|»o8» of th» «ii|)litadifli aoasor in to 
(lotoet this ISffiit ofole vlth ei refor«*» 
fic« vmluo* Xf th» «Bplitud« it too lov or tvo high, 
th« lygtMB raiiioi 07 loners th« gain roapootiv#ly» 
Th« «oa«l poloty boing otat side tho oloftd loopy 
do not got offttotod hf gain ohatngor, B«OAU»«I of 
thii f«ot thiit eharactoriitiei of tht flight vohi* 
elo ii^ vd in «rttm B of it is not posnihlo 
to proeadOMlato tho ^ ftin th«it will eauso intta* 
biiityi hwiot the requirement i of the Pttin ad Jus* 
ting loop* 
To eenee only the lS«it oyole et WQ 
rectairet thet « bend « filter be plaoed in 
•eries vith thf* sifnel to reaove the effeote of 
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di«turbftTi0» «fid eosnsmnd Inputth i i fIXtttr utistf 
not tb« ftifimX too .^ nuoh or th« tystea 
p^Ttommae wWk ttn8fttisfa0tof7# Sinet th»«« 
T0qv^lTmmt» fti»e m <t«»ifn tfftd««off 
east bff It hmn rtaentXr pointed out that 
thft % alon* im& not th^ of Xlalt 
orerX* is t^ n csttttfA of lantfttisfi&etorr op«rfttioa«Xf 
thft oo«p«iiiftto7 poI« a in Flgar* ooa tm mov^ ^ ^ 
it i i ^ssibl* to ttftint&ixi the tr^qmrny ftt i«liloh 
tho looys th« AXIS at « eonstant 
fhii r«Quir«« ftiioth^r adjust ing I^p as sfooifn in 
Figufft l^a anargy balane^ fIXtar Kaaiuraa 
tfia anargr lapata abova a haiow the oontroX fva* 
Quaner »ot any diffai*aaea is fad to a aarvo 
fiyatar i^ieti adjusta tha eoKpansatoi^  to aoXX 
thia diffaranea* fha osa of this Xoop paivita tha 
appXieatiaii of this high gain taehnit|ua to oontfoX 
prohXaaa vith traatar vaviations In oyatan pai^ a* 
siatars than ean ba hsndXad hy tha oonvantionaX 
high gain taehniqaaa« 
fha gain adjusting Xoop is dasignad 
nomaXXr vith appropriata toaXing factors sothat 
th« Imp trill firsttm dovn mt m ereat«i> 
thwi np» ?hi» isonditi'i» n trad^^ff 
httwm cystiA |Hirfoi*»!ian<so md ttililli^y* If 
ralti is lowf trmtimt rtspoutt sty 
If th« is liigl) ms^  cioeiir* Siis^ a* 
th« l<it«r ooniitiem t« to l»{i airol^M nt mny eo9t| 
th# 108te«l to at3fiir« th« iy8t«» toiMuNla 
BtmbtXttf as vai^ lOlF as If tha nyntm 
thou is a«sig2i«A to drivt gai!} up at thU B»m 
i*at@» tho fta|i2«tini loop trill Imi v&vf imtitiv* 
a^ na tmTforr mmiA9Tmhl^ hontSiig* Za Bon^riftU. 
ftt vhioh t^e syitini will rait* 
th« gain 4«tmlfi«4 hy m ««t*poifit iToltug* i^ieti 
S«tir*d steady itato limit oyela m» 
plitttdd* This enmot be nado too lftri« on 
tbo pilot %iill ««iif« thd osoilltttions ml 4«ol* 
thtt ayttwi ufiAooogiaMo* 
this tttehni(|U« haa boan utilifttd It f l i * 
ght oontrol syataMs tor F»106 aM th« 
g*3 ipmn twfgg^ p^^ ^ mmm% 
For many yaara vaaaareb hat baan oonoan* 
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tmt«d upon th» <idwlopBs«iit ef csrttcsis 
theii* f««a hmk qt fenmf<* eharaettiPlstles hrnma 
upon ioi9« fmetioat o*: ttt« Myntm error imd or 
it» d«riv&tiv»9» Port tii5St Sn this is 
th» iyit«s ^ OOISCJO* Doaeo ayttem Is 
iteitriA ^'tmv ertwion* Biatotia* 
15 Ion of lavolwi «Kteasili?« us® of th# 
oiplincia of calc^ sXmt &t mriKtlonit 
tiXooSs of th® is iho%i» 
opltt^ m r«s|ions« i i w 
ft pv^tiXter maitl aatl the is swltohsd 
t>«tiit«n tm lowXs of eain, bassil oa 4 and I* 
eritsrion i^ olln th« figurst to foroe the triM» 
slsnt «a<| stariilr state rsspoziss of th« flight 
oXs control svstsiB otetiisiatloii to be IdentiosI to 
thst of the nodsX* 
The snitching Xines are shoim in 
Figure 8#4« The |»>inei|»Xe of operation is simiXer 
to that of the high gain syitems*, Xf the bend 
vi4th of the lehioXe en4 eontroX ssrsten is mint&A* 
ned severil tines greater then that of the nodeXi 
then the trwMimt response iriXX be identioeX to 








(to CX&S6C)<X.redL bo-^ SIC 
•(eedLb<xck. Cov>\V6V, 
/ ~1 ^  J 
Po^ve V Av clj U Srvvx 
Ws e. C.K dmo»Sv<^  
CsCt) 




R<i>) G. G^ Scs) 
V 
FiG.S'4 Lmear Adaj^lT^c S ^ u c W 
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ofKssii^ rta itpMkl sateuXtasAou^ jLy* fh^ pnvm^tmf 
opQmtim a«oliafil9m op«rata@ on th# mrtQv h^t^m 
thu vmiiomm of th« fXi0it vthiele 
srat^M ftM f^o of orodoS. lund f •• « 
fimetlon 0f tshia 9fr0t eoatlmiottsiy ehangts the 
ikd|u«ttbl« ( ra^ lnsf tlei* ^onttant of tlOi 
eeaiMinyatliig m%v0tk ete* ) as to rftAsioe 
or smm mitmhXm rmtstim of th« tr^or to 
iiinieii:^  valuo «ttftinabJ.« irith jUi th« alXotitttyl* 
i*Anr,« of tho ad^ astisHint of tho paramottra* Ha 
thifl mr th9 fi l i^t auto^pllot sr«t«a rtiK 
is fore«t to th« codtX fttsponffd 
St olosoly &B possible and itcs«ptabl« hftrt4Itng 
lities thertbr 
Brlofiy isi ttm Xmmim aojSol airpromdh 
ft »od«l vith IMir«iset«rt and the proow»/ 
plmt ena M hy the aottxatlng tigzmls* Hi* diff* 
•refuse h^»tmm th@ roffonaes of the tin is ui«4 
M • p r^imetip adjustine sisnaXf vhieh «iajutt« 
the no4eX |)iur«ai«t«7s tiXl ite reeponte if i4eiitie«a 
with of thn ]^ <ftnt» The iMtrweters of aodeX lUPe, 
thereforei deseriptive of this prooess and ^eie 
are used the eoapating oirouite of e progrcinier 
64 
ant® tmi of a eontfoixer cs> 
asaoiJding to th«i control laws derlirvd hf tht 
«3r«t«as iSa th^ iMiFtttrbatiott a sst* 
all neaaa^Mal p«rturbatioj| Is m i^M to the 
fl7«t«» to iJQrttiPfe "p&itmmt^ v oC of tho tyateisi 
i^hlah is to M A p^ as© 9«!i9itiv« 
detsetoPf made up of A mH Sat»g«r«« 
tor eoQblfi<»9 th« p r^ttirlMttion sigriftl «ti<l the 
filtored introip ( obtiAnodi thKwgli « ciodttl 
mvQ to utvo a aignal Khich will oaut* oL to 
appyoaeh o6tt| tlio d»»i3Pe<l iralu« of tb© 
s.s, MMi^i - wEXTO.gMnQti mm 
metttoai ptmmts m «aai»tiv« 
dttim sultAtil* for th« irsry 
vafiations mmGm%%M in lifting 
•ntty «ad tjodftm mir oraftt. Th» ptoot* 
ptwsenttd W KORO^fXTS it \xy using it to d«9iiS 
A pitch «ta%>ility iiugii«fit*tion w t m for 
th« IS* fti« gain W « f«otor 1000 and 
th« plint has A highly andti^ aiipcd oomi^ tx pol* 
p&irt vhieh m ^ ov«r » vid« r«ng«« In th« 
profont piroblwi and itndonbtvaar In mmy oth«r 
ftad* n tirpioni plii»t 
nak^ otar m of ais«r*1:« situatloiif 
and values* For thi« mason it h«$ bean 
naoazisai^  to dairaldpa a nev dasi^ pi^ oeadiifa* 
Tha probalei ooafidaz^d as mttntism^ atMsta 
id tha pitch axis stability aupiazitation ajatait 
of the tm 3jEI* fba siaplifiad shoft app?oxl» 
e^tloA to plant tifaagiTap fijnoti^a is takan 
as 
A <ki) 0 — , s • M/ 
o 6 { S ) 
tha availabla data on tlia paraMba? K# « !£ai Wat 
§ a ait*a gtmn in TabXa t of dhaptar tU 
fha alaptiira daatgm is baaad on th«i stfia* 
otura of Fifuta or any of its infinita aqui¥»» 
iants* m and aoist inoXuaa tha hy i^rauiia and 
the thraa bloaics afa linaatf tlsta 
invariant ao thara is no gain aohaduling 
or Rain ahaniini« Vavarthaxassf tha 0 bloelEa mar 
ba ehdosan sothat tha spaoifiaationa ara aatiifiadf 
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dtipiie thi» vafUti&nt la r ( i ) « 
In fi^ot 1% l i fotmd th«t tho gain * feanfl width 
toiiidfi on thme htoekQ not at &1I as 
as might first «5cp«et, 
mt l^ oCs) rep!Nis<iiit« plstit trttnsf«i* 
funotlmt * ^cffibiniitiaa of iraltits 
eonirmimtli^  ahooton tbo v%lu«s SSSIA 
t<i(«) I T(»> U8«d tot th© ajrstais 
trimaf^r fuiteito / nCs) und lot 
Una) be u^ea for th« loop ti^nMiinsioii !«• 
I* Ct) « oa r 03 
lUi • oa ro OS 
It 1ft fo'ona that 
to » r a ,i;t „„,,.,. „n,,I. < 
J L - n » tft < 6.3> 
r 
Th<i 9ir»tfii to inettud or Aqulm* 
Xdnt lit th« out put i» glir«n tsisr 
*<•> J i S L . J L -
D(«) I m p o s e s 
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tBL tti® p<ir«»«t«s» mim 
toorp^fatsa la f l»o / r ) , aadi mst be olioastfi 
no that their on f/ 4o aot oasoeed th« 
upeeifioatloas oa the syitosi to 
nl^mtls* .'^tlior eonstralsita % by 
tS#4t) » tho distux^ FTMT response laust IMI satii* 
h&rjiaicjp ef tho two eonstrftints custf 
of Qoitya® fee used* Thast oquittlotit p«rmtt9 tha 
aoeijpidr to spooify the the fr^quiN* 
na^  doaaln cmtl « abo^ o to um the isost oeo* 
nosiiioea % Isi tones of gaii) ana band width, fhort* 
vltaX |i:ift of the problem to transXatt 
th« elvait dosalfi sspnoifioatloiat Into squt^  
vaXtnt Svmimmm res|M3n»« apaoifleatioat* This is 
don* assDBiixif a sseood ordor ssodsX foi^  ths 
syatSH* i s a ^aok on ths raliabixity of tha tisa 
iFasponsa ta ffiNiuamtr raspaAsa aomlation in 
tha final daaimi tlaa dosala rapimsaa for aoMa 
of tha axtrsns ooaditSans ara aaloulatad and tha 
rasult afraa qiaira will with tha pradietsd valuaa* 
ITflnK this dsflign phtlosoptigr HOBum hat 
finally found tha various q^antiti^s as aontionad 
balovi<» 
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K C « ( 8 » g o ) 
« m m It p 
FttM Jiiigl Ill fLt^M),,, 
fh« gftin ftnd iNisponsts of th«M 
fttn«»tt<m« shoim In FAgui?» 8#7» 
All this ddsign is oftrrittl out o^ KsladtSisg 
eozid£ti«ms 6f 18 m %h& tttsnsptioa that thest 
thxm ooMitims iiltfltifitd t^ tha pU 
list and & Mfetmt sot of eo^poavfttlon mtMofk* 
esn hQ s^tehoa in for thsso eohdltlons* 
so tfith this nonintiX of pittnt ti^ 
«iktf«r tvmtim the trasuneission 63 th« 
§tm roiiKms* to ooeia«iid sigma* «rill r«s«ia vith 
Sa th« ipteifSad XSttitt, 
1:0(9) th« poXattona b«tv««a 
th« syntvrt to 00Kt8i«tul inputs for tho 
imviauf flight eonditionsi but tb«i pr«»filt®r 
Figaro 6*6 pfpovldiit 9mm twAm iti fixing th« 
ftotaaO. rotyenstt* It is roasottubXo to ehooso Gl so 
to provoiit Mhat nas^  sppoar us oxoottivo flue«» 
tuAttions ( * funetiim of ffoqaonojr ) in tho 




Wi thd ttio 
Gf «}t9 pi%€h mti$ drntveH mti^m #f 
m h«3r« ^o l r owa bfteks «tiil ilmrl 
^emiam^ m^ «fe8h of ttie t#e}ini{|t« mam 
Una itt om nnidito m^etianisnttm Th« 
init^tiinn isrstm n hi^i tms^&xBf 
f i ^ ttt« ilgitiO, nmm^m' fm 
StfitohSiig Xofl** Tim Itii^ t«iii tsyt^mm wmgatimw 
m ilfiiMt «tittng« ^tb A lai^t toti^ fwiga 
miA th« itoA« frtt^i drift ttm 
In th« Somlts »«tho4 tk» mXtSA* 
bsxitr ^f int I n ) is of tiio 
Iti tlm pifMiBni^ 
0f th« d^iigiw Tlnta it if not n 
•leltiwMitnt to hiiv* ii tisrttM 
•ftttifits dtiifii •^•e&fiantioiit* A Soofi 
tymiiilitioii with * hmoA tiiAtli eimld tAtJUy 
d«tifii«At mh that «h9 i>«inltiiig «r«t«ii 
vtipeiiM i « wieh itndltiv* td giirm 
71 
I t n i l U i i t i ^ t m t l i$ t u f ^ t f i i i i i i J U i i i 
htM i^Sth emm ^tfmmlmf 
hm L^im »o<i« iti« 
MX th* Xinitatiwiii, ^f ifapicmt 
t«chnl^«ft Iftai mm to thte, fossifcllifel^a 
of mtiT •Qmmim and to m msspmtttvtiiis^  
9iii!ilft iititfM m3. ^nm rttspotiiMi to tha euteiuift 
tiim^ tCkm w i t h i n t t i i ps'ttiies^iboa wpmiXimk*' 
tkm foiufbiii ««thoii appmrn to fe« 
f f ' i jK i i i i i n f i t b a t i t t o eflti3»litd t b « 
irtiii tmit&i^ m lath tihm ICor l^ts 
iiniinr em^mtt^v W Howiti 
tmhskUiHk* mX thm IntioiiMi* « slwplt 
lln««r tftiii in tliv f#nMM iLiidf of ttMi 
Contn^ «ft%t»ft tht gftin cif lAtidh varies ultli the 
yXant 
A pitah m%m matm^ tyaitm in 
h«Pt to ^toffy dut thft ^ •iigiu bloek diikgittu 
of wmh « If «hmt!i In ftt» fi^l. its 
in f i f « e»is« Th« plint or nmmvmtt 
trmBtw amtim ie t$km to 
Se ' ElfV4tord«W<ct'<>n 
Pirclirare 
A pltch-r•atccon^folSysten^ior B-25aifC(N3ft. 
PIC. G | 
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fU) m ^ ^ 
c SI® * # 1,44) 
tho ^ullttt dk ilXfdimt 'PftftUSiltft^ jl 
of ^ ^ tiilit 
) m flvm !t3if« ^ tulditi tci 
^ mW 
% « 10 
r « 0 . W 
FHO ICHII» TIMI^IIF ISIMTIM II«QCIIII»» 
m (•) ci) « % Kk »leo^ 
tti« % % to 
onljr i^ift til* fain lAii^ it »»% g«liii 
to «ff«et ]*<»ftati| tti« funott^ 
(Op«i liet) 1>«e(MiM« 




nwm^A m t m thm of ttalblXlKlsig ttifts 
toetio^* tti« Ba^^ dingimi Hift 
m^m ist la Fig* Wtm tlm Siagram Us 
Vlith ft itiftlX taping tho 
srstim iidll n^t nolle ftfttitf^etosr mud tfmv^em 
ft bad t « a 
retenalily fNisptfii®^  m w ^ m tti@ iaasiffeg 
hm rnrrnim {)«4 or f^sQ 
mfilsi ^mtA tim IbdtiMi SO %ci 
Br tvicSi. miA «r or i t is fotmd tfcat the 
Iftail giVftfi IT tmnff«3f fumfeim 
9 > 3 800 
fiio gain ftXiS flmsft of t!i<i 
•tiit«a iQ^ Btiiat ftm itiom V thet Aottftft AUfirftS in 
i^th tHft ftlit^ft fiaiiiimfttiiig n«tif!»fle 
•IIS nsMlaiil t f i a s f v r f tmotim of thft ^mt^ tlit 
77 
tt Is m^ td "bo ^mi that w^hm 
mn immim$ «tal5i# tm^i^ ^ th# 
f i l let isofitlticms of tho ev 
fov vaTienis coiMSi^ iuitji tftUbXtt I &f 
XI} ttni ?it« dioifli 
mttgmnm of 
Wftm tm l^m tt la iSJtoiiS' Himt Islttio 
tho asntiM U 8ta1>t«i To^  ^ tmiUltimn 
the lisitpiiig: tm tilgli fltfts* 
mt0n it ^igh H A tt i « a^tta that: 
Hintft mmm v^timttdr nma to foftt a 
«aiNr« ftt of tOnrnt 3.00 
thm m&f « t l ; ^ * 
imi^t ian cT Itid {RTttMl t f f f «31 t l ight 
eiin^stimit 
fo brlxif aimStln of Wtm 
tmdwr fillet ti 'vulutp 




wtm^ ftft mU tlift fUgtit 
tbat ^ Oi*lili lino 
m fmm^w limm tii« fimtt %m ^^^ 
flit ft hn w n 
mi^^li^ m ^ ^mm^' in tho tiyimM Xmii^  of 
Th^ fata nf thi» ^mmt, %ii3.l 
Iitth tti« n f # t (lOlftllstiA* (ftna «iili4i»t>f 
fli» ©f m i « lalntim In 
FIk«6«#« f ^ t!t« g^^ mimtm t^ttiM it 
« mvlatim of gi^ in aies 
^i^htiut litiiif efwf^lftfttct iumii^ i{«[Bl3it«» 
Tho i?ti»t*«tin«tiei of tli« noMtlnMir 
gtdii ^mmt mhim^A W ixmwpGtmtixku 
« mrltt^ lnic fa tti* firtt {^timit* thft 
ItifiO. ef ttic out^t if wiliit«liita 
ttevmpoeaimr to fftin A and • 
irciXtfit* f^mtoffti^tl. to th» altitiiiS* it 
welb^wm^^ to fivo ttm dfooi^ Snf pottion of tlio 
III til® tti!©fi4 ia»t»ii(9« the nm 
li« tidtohod on tn H A voltaiio pwpoit^ SMiiM^ 
to tho oXtittiao in to it to giiro tho 
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FIG. 6"7 CHARACTERISTIC OF NON-L INEAR 
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pxm of «l (tf} H fimm* tafetai? tli® ^sXm 
X tf» Wt thfi '^'immtmifi^i^ of tfe« 
faSfl « l « « l t tl}# of 
affiflelniittnf w tmmd ir«iit<i of 
0 Ci^  thin 
Ttrntti^ ras^isa tJi^  i/ili^ a UBit 




h D o 
Tnv,e iM Sees. 
F I G . 4.8 
RESPONSE OF THE COMPEMSMED PITCH RA,TE 
CONTROL SV^TEM TO ^ UNIT 5 TTP ITSIPUT 
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mmm, m 
giOTsaw A w m n m § 
pmvlatd titii imp^tm 
tiv« Isi emtvt^ Da l^nf 
lm»t ten ym^ rw w «0f (3f»iisi4«rAbl* 
•fforts has eoitfi Into th« thtoiy moA 
ti'm of adaptive emtroX w^tmm* 
an isispootioa of torn of tb« 
tf^9f«r fun^tim for an alroTafti a9 ^ 
tli«r IIS 
& 
Q • ~ C • ) 1 
S8 • ( • V ^ ) S • 
• % ct C8/0 • ^mj ) 
iPMWMMIMIMaHMmPWNPW 
?«va«Xa that th« varlatloii of th* tranaf^s" 
fuiUftioR dapwidt aiton maiay irartablaa and not 
87 
only ttit «ltitua« ©r inHmity of th® 
fhwfor® ail orainatr feacrte control em 
not tutiflfadtoYsr v«8uit0« fh«rorof9 it is 
ii&e«8s»ff' feir imeodssfiiX opfii^ atldn , that m 
aittst go for adaptive oontfol «fit«siit the 
<»is«s to n unit tttij iiipat ^ m irariout oontmi 
«r«titts C l««t ordloftfy f ••<! tJtcfe aad mmv^iv 
mntniX } eiv«ii Sn ths CSmpttt If^ fftisi 
«lbi0h it follom thsit Adaptive ooatf^i it 
9ai*lcitas taciiiiiiqttet ^lofo 
for thir oontrol of ftlrworaftg la 
pr«sint dftyt mf ttvlafiyy In CUptw Xt 
i » Miwii that nalority of thavitlytia that has 
h««ii aeooBpllahad m th« non^XSaMr sorttMi 
rasiiitinc from apiftieation of thaaa t«9hniqa«t Xb 
aarrUd out hy a voot Xoeui awaloattoci* Kor#» 
oyoT tha Xitarattofa on adaptiva •jrstasa haif 
on ^ iihol«| tandaa to haiittla tht adapt iva 
«apahilitia« of lloaar f««4 bactk C7ttana« Tha 
rataaroh affort in davaloplag adapt i^ ra daaifii 
88 
t«(ihxili|U«» tht liktwt has hum 
13 thftt lAVtsted lii«ftdtiir« 
ftdapliif* fhit hft« ptohM;st l»««iktt«* 
tfm^ltlioaal linear feta baolE ^mtteX 
turn li^ f thB fUt «r «nd oontrol 
HOHmz tia» iMidii n «aao«9SfiU. 
•tt^pt to obtain th« eontrol r«i|uiri»«» 
ft«fitft by using the bade «ont?o}.« Be 
h«9 b»i!!i &bX* to obtain « o<»{»p«ii»atliig nttno^ 
vhen iximrt^ A in tbn Xoopf vanAars th« 
sretflB stai^ X* linear idl flight eonditloa* fh* 
edmfmfator fiven in mt* (1) 
K C 3 • 1 ) C S • SO ) 
% • OS Pti 
i^ara fo is th» aonlfuiX tttkMfw fonotion of the 
valiiele ft 03 tolude the eoniwiiMtei^  end othet 
oontrol eleatutt ( •«§• aotuatoPtf tefvoti eate* 
89 
gfftt^X) » 
vtitA thii nntwr'k is 
tha rtftiHtifsf si^ sttis 9tftt»l« und&f' 0AI 
ema&itimw of fli#t eoMtlans 1€« IS 
flimti $n 1 17* 
Although it to ftmetion alrig^ 
ht Imt the rdalisatl^ii of tuc^ a tvm»tw tme^ ^ 
tim heem99 most diffieuXt* ^vm if it it 
realisiia th«ti the r^sMim mtmvk wmt ^ ilX 
ft eo&idi&ntdd m««M<}r<»oir«r tuoh ft fUxiotioni 
0m rt&lie«4 Mh thft hftX|i of ft ooepatftip but 
itt ^tftt eftsft th* oo*t of tha rfttuXtiiig syttftft 
itill bft high* 
C0Tiii4#i>i8g th« hii^ gftin tftohniquft 
i» thft »ott vidftly usftA t«ehiii<|ii« ftt prt^ 
•tfxtf thft iiMplifi«7 for proiriding th» gftia ghould 
hftv* w y ft widiLJgftiigft < ttm I to 100ft > fts 
ftlftftt* from th« Tftblft I of Chftptftr ZX« 7h«rftforft 
•itoh ft Iftrgft hftnA width th« ftspXif iftr 
tfftiign ftRd ocmstructloa diffioult end oostlyi mSi, 
80 th« mGT aU grttitt* Also •QtlJ** gutn 
tfhaiiilaff tirttoiii ohangts tht vith 
tho Height iiiOt irefjr slisflLt 
out might ei^ott to fli« ain^ussioii la 
C9i«pteF V althoti^ t ^^^ tiiimi^ to biding 
mt tti« tiffiooltSAs* 
CoMiliig now to th9 aGiBpiiiaatoF 
tiiieb hmm d^signod ia Climpt*? Vt ana 
«(hosii tnuitftf ftmotl^a is iiir«!i ijgri*^  
C 
it is obstnrsd thtt ftrt tm alapl* 
X99A rwtmrkn ooontetsd Sa scrlts In th« 
foTnaffd path of th® pitch r«t« ooutrel lyt* 
tMi* fh«s« tvo nstnoflct fpfs to bs ssparatsft 
W aft i»ol«tiaf a»p|ifi«7« 
B/ eonasotlat this ttfwpffiifator a^ onSf 
ths ivsponss of s^ rstse imdsr various fiii^t 
eoaditlnas is lihom In Figtirs 6f6« a fh« 
SjritwR is stabls tiisdsr all eonditi'asy btl^  tha 
dmpine is high* 
9) 
fhi galii •i«n«fi% to bp|»i th* 
diBapIng QGnitant to « m^m of OA t ti^m^ 
»«ifgiit mtiottt ) tiiaa « oharaeterlstte stiovn tn 
Fiettf® 6#7* By looking ftt thu cfearaotei'lities 
nhjdm tho mtUtim of gaSn with aa.tit«<IMi 
and meh Rot of th© mhl&l^f It 1» that 
the iroflaticm In gain is mt as moh as usid 
in th@ oaso of h i^ gsiit t«§hril<ia» and a Kuoh 
•Rftlltr band iddth is ro^uif^d for tha 
Thii mhimmmnt In tho roduetion 
of ifidth id of grviit lepovtitiiottt 
it MOC** th« at9if;n wid omistruotioa of th9 
tmpXill^r sfespXe sad 
Thtif I it is footi thftt hy ooBl»iniai 
tho tvo t oehniquo ut«d for pitch rat* eoatroi 
«rstiB of an air«raft| aaaolTt tha htgh fain 
taohniqua mcOi tha fiOHMlfZ tachniqitai a tssmh 









m migl^ t»f sttDjelK 
m itlteh urifSi* 
m tflim^r 
m tim$f^m§ oC ^ 4 , ^ 
« M/^  S I 
«! mm^ ef pXm^ 
m 
m mrikm ^wim 
m 
n/f 
It cf f t ptail* ^ nt 
t « 
@ ImS H Z.S I ti vvtdl f f 6 vv\<y ^ 
0 z<v uBi vAviouf %]!«ii«fHI* fmmtiMm* 
fGT d«tiiU» t4) 
£ I Is a wmSif* 9i • 
t ft i^ietoy 
m^ am ^mUm^Um 
(D issAC M. nommz 
fitglt 
IHlsliKI lb? mm 
isyt itiamiit n z^trii^ BaaM jri^ 
94 
* s^mts^ ll ^ 
KE (^FM HLLI 8«KSIC 
Cs) 
C4> BimtAim ffiKIH 
(8) Xiuiy) i«ooD 
CE) M A XEI 
« Mfti»tiir« Flight dbatfoai « 
liMtim MtrmMA mmmt 
f l lm i 
• £ir»«iiot of nii^sicabiXltgr « 
Jhon ini^r and sent. 
lfe« Gvnif « HIU Boole G^iWr 
* A tammOMtow itu^ of ft fno 




(7) niGHAm) dtDOif 
m mmtifwm 
of ^itiBil « 
fmwmm 
flmm * 
fit* Hsesmin 001 
C9I una Cixiti^ 
PlyXKNMlllliC of tll« S«0(»i|il 
Faicirtitioii of mtiaRfttle iSrnsim 

